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The discretization of The detemﬂqation of The calculation of
along-track error :> search elevation :> guidance data

* The calculation of characteristik

* Modeling at the intermediate * The epoch calculation of

time of transit closest approach point parameters on the specified
+ Setup an visual trajectory * The visibility constraint of ele\_fat_lon _
cluster closest approach point * Serialize the H?HHUth )
+ The observation availability * Construct the interpolation
constraint function
« Determine the search * Divide the search scope
\ elevation * Generate the guidance data
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Fig.1 The procedure of constant elevation search method
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Fig.2 The search scope and division of subinterval on a
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Table 1 Comparison of selected guidance data for 39452 (predict about 4 days)
CES SGP4

Begin time End time Ay /° p1/m 01/° Ag/° ha/° p2/m 02/°

2021-03-16 2021-03-16 350.0583  1026858.86 - - - - -

03:47:58.741  03:48:00.425

2021-03-16  2021-03-16 ..\ (163 1026858.29 0.0084 | 350.0410 20.6546 1030735.54 0.0943
03:48:00.425 03:48:02.109

2021-03-16 2021-03-16 349.9743  1026857.94 - - - - -

03:48:02.109  03:48:03.792

&2 36508HIERS 5| FEUBITEL (FHRLI15 d)
Table 2 Comparison of selected guidance data for 36508 (predict about 15 days)

CES SGP4

Begin time End time Aq/° p1/m 01/° Ay /° ha/° p2/m 62/°
2021-03-01 2021-03-01 57.1207  1665312.28 - - - - -

13:11:54.518  13:11:55.789

2021-03-01  2021-03-01 . (/00 1665312.88 0.0066 | 56.9070 19.0674 1667882.29 0.1560
13:11:55.789 13:11:57.075

2021-03-01 2021-03-01 57.0368  1665315.56 - - - - -

13:11:57.075  13:11:58.351

R 3 16908RIERSY 5| FHIRITLL (FIRLIATHF)
Table 3 Comparison of selected guidance data for 16908 (predict about 4.5 months)

CES SGP4
Begin time End time A /° p1/m 01/° Ay /° ha/° p2/m 02/°
2021-03-01 2021-03-01
021-03-0 021-03-0 190.0750 2625161.90 - - - - -
13:34:12.373 13:34:15.945
2021-03-01 2021-03-01

190.1188 2625164.36 0.0122
13:34:15.945 13:34:19.519

2021-03-01
13:34:19.519

2021-03-01
13:34:23.089

190.1627  2625164.73 -

191.5733 23.7285 2693927.54 1.8880
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Comparison of pointing deviation—16908. (a) 19 s of transit arc, (b) Zoom in to show CES results.
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Table 5 The calculation results of bhw

Residence
NORAD ID Epoch 0(%) bhw/° Begin time End time ) 01/° lp1 — pol/m
time/s

2021-03-13 o5 0.022 2021-03-13 2021-03-13 T 0.0096 398 11
04:18:51.000 04:18:50.914  04:18:52.068
2021-03-1 2021-03-1 2021-03-1
021-03-13 20 0.02 021-03-13 021-03-13 1.156 0.0173 101.01
16:11:10.000 16:11:09.580 16:11:10.736
2021-03-14 2021-03-14 2021-03-14
021-03 20 0.021 021-03 021-03 1.022 0.0128 382.48
03:37:48.000 03:37:47.891 03:37:48.913
2021-03-14 2021-03-14 2021-03-14
021-03 20 0.0313 021-03 021-03 1.011 0.0209 357.46
15:30:46.000 15:30:45.218 15:30:46.229
2021-03-1 2021-03-1 2021-03-1

39452 021-03-16 20 0.015 021-03-16 021-03-16 1.011 0.0084 402.62
03:48:01.000 03:48:00.762 03:48:01.773
2021-03-1 2021-03-1 2021-03-1
021-03-16 20 0.018 021-03-16 021-03-16 1.010 0.0130 65.50
15:40:42.000 15:40:41.184 15:40:42.194
2021-03-1 2021-03-1 2021-03-1
021-03-17 20 0.025 021-03-17 021-03-17 0.947 0.0191 451.58
03:07:29.000 03:07:28.512 03:07:29.459
2021-03-1 2021-03-1 2021-03-1
021-03-18 30 0.025 021-03-18 021-03-18 0.971 0.0126 341.86
03:59:27.000 03:59:26.998 03:59:27.969
2021-02-2 2021-02-2 2021-02-2
021-02-26 20 0.0125 021-02-26 021-02-26 1.094 0.0084 119.38
01:52:39.000 01:52:38.278  01:52:39.372
2021-02-2 2021-02-2 2021-02-2
021-02-26 20 0.0115 021-02-26 021-02-26 1.238 0.0050 341.07
14:02:50.000 14:02:49.268 14:02:50.506
2021-02-27 2021-02-27 2021-02-27

36508 20 0.02 1.069 0.0134 36.96
02:42:35.000 02:42:34.346 02:42:35.415
2021-02-2 2021-02-2 2021-02-2
021-02-27 25 0.0225 021-02-27 021-02-27 1.202 0.0151 396.69
14:52:41.000 14:52:39.830 14:52:41.032
2021-02-2 2021-02-2 2021-02-2
021-02-28 20 0.0115 021-02-28 021-02-28 1.013 0.0015 119.93
01:50:42.000 01:50:41.647 01:50:42.660
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Table 5 Continued
Residence o
NORAD ID Epoch 0(%) bhw/° Begin time  End time .1 61/° |p1— po|/m
time/s
20210228 oo 2021-02-28  2021-02-28 Lowr 0.0059  403.52
14:00:53.000 14:00:52.279  14:00:53.326
2021:03-01 o one 20210301 20210301 oo a0 o
02:40:50.000 02:40:48.907 02:40:50.022
2021:03-01 o000 20210301 20210801 e
36508 13:11:56.000 13:11:55.781 13:11:56.812
2021-03-02 0 oo 2021-03-02 2021-03-02 Lolo 0.0025 3093
01:48:45.000 01:48:44.061 01:48:45.080
2021:03-02 o0 nge 20210302 20210302 iiee o
13:58:57.000 13:58:56.232 13:58:57.283
20210225 00 00 e 20210225 20210225 o o000 00
00:19:39.000 00:19:38.533 00:19:39.768
20210225 o0 iee 20210225 20210225 (aoe oo
15:08:32.000 15:08:31.179  15:08:32.194
2021:02:26 o0 (0 20210226 20210226 aie 0
01:28:41.000 01:28:40.475 01:28:41.526
20210226 o0 20210226 20210226
14:15:21.000 14:15:20.200 14:15:21.292
20210227 0 oo 20210227 20210227 (o0 qysg7
00:33:18.000 00:33:16.743 00:33:18.122
16908
2021:02:27 0 (e 20210227 20210227 e 0
15:21:59.000 15:21:58.557 15:21:59.575
20210228 0 e 20210228 20210228 0 g0
14:27:40.000 14:27:39.585 14:27:40.581
-02- 2021-02-28  2021-02-2
2021-02-28 o0 ggq  2021-02:28 2021-02-28 1.067 0.0006  76.04
22:44:55.000 22:44:54.029 22:44:55.096
-03- -03-01  2021-03-01
2021-03-01 o0 2021-03-0 021-03-0 Loma 00002 36546
13:34:17.000 13:34:16.974 13:34:18.247
20210301 oo oiee 20210801 20210801 o0
23:52:38.000 23:52:36.939 23:52:38.039
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A Constant Elevation Search Method for Narrow Beam Radar to
Capture Space Targets

LIU Ke-jun®?*3 XU Jin'®*  CAO Zhi-bin?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

(2 School of Astronomy and Space Science, University of Science and Technology of China, Hefer 230026)
(8 Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanjing 210028)

AsstracT Position prediction is the basis of guiding radar to seek, capture and track space targets,
although there’s a risk of insufficient accuracy for narrow beam radar due to the influence of orbit deter-
mination and propagation error. Since the along-track error is the main factor that affects the accuracy
of position prediction, this paper proposed a Constant Elevation Search (CES) method for narrow beam
radar, based on the idea of along-track error compensation, to seek and capture transit targets. With
along-track error estimation, all possible positions on a specified elevation can be observed, thus the suc-
cess rate of capturing transit targets will be improved. Simulation shows that when the position prediction
method fails, the CES method still works.

Key words position prediction, narrow beam radar, along-track error, constant elevation search
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